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FROMTHELAND, A POSSIBLE COORDINATEIN
LONG-RANGENAVIGATION

By Melba C. Caldwell 1 and David K. Caldwell 2

Abstract: The stimuli eliciting sea approach behavior in

juvenile and subadult Gulf of California green sea turtles, Che-

lonia mydas ssp., were found to be photic and present in both

sexes. The speed and amount of crawling response vary with time

of day and the degree to which the water is visible. No other en-

vironmental stimuli were found to evoke water approach be-

havior, nor was evidence found of a negative response to dark

objects, although a capability to avoid solid obstacles was demon-
strated. Literature pertaining to this subject is reviewed.

Introduction

The ability of the various species of aquatic turtles to orient themselves

and home toward the water has been investigated by several workers. Carr and

Ogren (1960) have recently published on investigations of this behavior, using

as their experimental animal the Atlantic green sea turtle, Chelonia mydas

mydas (Linnaeus). Most of this work was done on hatchlings, with additional

data being presented on a few adult females. More recently, Carr and Hirth

(1'962) have reported on this behavior in yearlings and one nearly adult male

Atlantic green turtle. No experiments dealing with sea turtles of intermediate

sizes have been reported. Many of the factors directing the sea orientation be-

havior are poorly understood. It is essential to know whether the same cues that

direct hatchlings to the sea elicit responses in the adults, as they may then pos-

sibly be a factor in long range navigation. If the cues are ineffective in the sea

approach behavior of the adults, they could probably be ruled out in migratory

behavior. That green turtles migrate long distances in the Atlantic has been

demonstrated and discussed by Carr and Giovannoli (1957), Carr and Ogren

(1960) and Carr and Hirth (1962).

The presence of large numbers of captive juvenile and subadult Pacific

green turtles, Chelonia mydas ssp., at Bahia de Los Angeles, Baja California

Norte, Mexico, on the shores of the Gulf of California, provided a ready-made,

if rude, laboratory for further investigation of this behavior in the inter-

mediate and larger sizes (20 to 275 pounds) and in both male and female

individuals.

Simple tests were devised to test the ability of these larger turtles to home
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Fig. 1. Sketch of Bahia de Los Angeles, Baja California Norte, Mexico, showing
arrangement of peninsulas and islands which from water level give the bay the

appearance of being landlocked. Isla Angel de la Guarda, lying to the right off the

map, has high mountains throughout its length and appears to block that part of

the mouth of the bay which the smaller and closer islands fail to do, although it is

some 25 miles away from the pueblo of Bahia de Los Angeles where the experiments

were done. Map courtesy of Dr. Carl L. Hubbs, Scripps Institution of Oceanography.
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toward the ocean. Tests were conducted both inside and outside a man-made

enclosure.

The water at the edge of the shore was usually calm, with little or no surf,

but sometimes gave off a gentle sloshing sound. During high winds there was

some surf action, but it never resulted in any appreciable sound. The large

bay on whose shores the experiments were conducted is nearly landlocked,

either by curving shorelines or by the islands which are spotted about its

mouth (Fig. 1).

The physiological condition of the turtles should be borne in mind when

viewing the results of the following experiments. Usually we had no means of

knowing how long the individual turtles had been contained in the pen when

we examined them. During the winter months, according to the owner, they

could be kept for 10 to 15 days before some began to die. During the summer,

six or seven days was maximum. In addition, the turtle fishermen stayed out

for several days at a time, adding to the possible length of time since capture.

The turtles were also tightly bound with rope when first brought in. Each

individual had a small harpoon wound in the carapace, often covered with

dried blood. In general, however, they always appeared in good health, and

struggled vigorously whenever handled.

Turtles were individually marked by numbering them on the carapace

with a red wax pencil. The dark, almost black color of the turtles made this

mark most conspicuous. It should be noted that it is often difficult to determine

the sex of the smaller turtles because the secondary sexual characters of tail

length (long in males) and carapace depth (high domed in females) are not

yet well developed. As a result, the reported number of females may be more

the actual number, as small males might be mistaken for, and recorded as,

females. We are positive, however, that turtles referred to as males were of

this sex.

Experiments Within An Enclosure With Similar Barriers

On All Four Sides

Description of enclosure: The pen (Fig. 2), or crawl, was ideally con-

structed and situated for experimental work. It was located about 5-85 feet

(depending on the stage of the tide) from the water’s edge on a sand beach to

which there was a gradient down to the water (Fig. 3) . Within the crawl, rough-

ly % of the gradient was slightly upward from the end of the crawl farthest

from the water and the remaining Va of the distance to the seaward end of the

crawl sloped slightly downward. The crawl was constructed of loosely fitting

boards and poles, separated roughly by from Vi to six inches or more of open

space. The crawl was approximately 22 by 43 feet, with the short axis parallel to

the waterline. The tin roof admitted small spots of light, but the horizon was
visible only through the slats on all but one side of the rectangular enclosure.

Visibility was blocked on this side by the presence of a long building. There
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were gates in both the shoreward and seaward ends of the crawl, above which

there were no barriers to the incoming light.

The following tests to determine the factors concerned with the ability

of the turtles to find the water were conducted within this enclosure:

Fig. 2. Inside the turtle pen looking out toward the water.

Test No. 1: 27-28 March 1961, weather clear.

103 individuals, 31 of which were positively males. Weights ranged from

35 to 218 pounds. The period of their confinement ranged from about two to

seven days, according to the owner.

After dark, all of these turtles were placed at the shoreward end of the

crawl, with their heads facing away from the sea. By morning, 20 had turned

and crawled to the seaward end of the crawl. Four were known males and

nearly the entire range of sizes was covered by the 20 that crawled toward the

sea. Several other individuals had turned during the night to face the seaward

end of the crawl, but had not crawled. Crawling was almost impossible for

those jammed closest to the end of the shoreward wall, as they were packed so

closely that they had to clamber over or around the others.

Wehad made one brief attempt to get this group of 103 turtles to respond

to the light of a flashlight at night, but got no response.

Six of the turtles had been confined more recently than their companions,

and of these six, four moved toward the seaward wall. Therefore, there is prob-

ably some reduction in activity from extended confinement on land. Learning
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that escape is impossible may also contribute to this reduction in activity, al-

though no evidence of learning was obvious. Daniel and Smith (1947b) were

unable to demonstrate learning of a similar nature in the Atlantic loggerhead

sea turtle, Caretta caretta caretta (Linnaeus).

Although there was correct orientation in all size ranges by both sexes,

there was a tendency for the larger animals to outnumber the smaller in the

percentages that moved toward the sea. This may be explained by a greater

physical resistance to the abnormal conditions of confinement.

Fig. 3. The turtle pen as seen from the water’s edge. Note the high mountain rising

sharply in the background.

Test No. 2: 10-11 June 1961, weather clear.

65 turtles, of which 12 were known males. Sizes ranged from 37 to 220

pounds. These turtles had been confined for between less than one to 5-6 days,

according to the owner.

The turtles were placed facing the wall at the shoreward end of the pen

at 1900 hours. Although still daylight, the sun was behind the mountains over-

looking the shoreward end of the crawl, and the air temperature cool. After

30 minutes, six of the females had turned and crawled to the seaward end

of the pen. Three other females had turned toward the direction of the water,

but had not crawled. No known males were active during this 30-minute period.

At 2100 hours, two of the females had turned and crawled back up to

the shoreward wall. It was by now a dark moonless night. However, a few
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lights in the small village several hundred yards distant were visible from

ground level in the crawl and these may have served to attract the turtles.

This group of turtles was checked again at 0’930 the following morning.

No activity was observed at this time. Eighteen of the 65 had crawled to the

seaward wall; three of the 18 were known males. At the shoreward end of the

pen, 20 had turned toward the sea but had not crawled; four of these were

known males. The turtles that had moved were randomly distributed among
the size groups.

Very little aimless wandering was noted and there was virtually no cross-

wise (parallel to the shoreline) crawling noted in the pen except on two occa-

sions. These occurred during the day within the well-shaded interior of the

pen. On both occasions, females were seen to crawl toward a single small

spot of sunlight that came in through the wall interspaces. However, there

was no tendency noted to gather in or crawl toward the large masses of sun-

light that at times entered from over the gates. Oddly enough, even in summer
months, there was no tendency noted for the turtles to move from these areas

of sunlight. Central Pacific green turtles of 15 inches in length to fully adults,

of both sexes, are known to voluntarily haul out onto shore and bask or sleep

in the sun (Mellen, 1925: 160; Wetmore, 1925: 97; Carr, 1952: 362; Kenyon

and Rice, 1959: 220). However, as our turtles were already in place when

the sun came to them, we cannot say whether their remaining there was from

choice or lethargy. Weknow of no instances of this Gulf green turtle volun-

tarily basking under natural conditions.

These results show no negative response to the barriers on four sides,

for if this alone were controlling the behavior, the turtles would have gathered

in the center of the pen at the farthest point from the barriers. Neither did

the varying gradient of the floor seem to influence the behavior of the turtles.

Both at twilight and at night the animals correctly oriented to the some-

what brighter light entering above the gate and between the slats of the seaward

end of the crawl.

The fact that it is one of the regular duties of an attendant to unscramble

each morning the turtles which have gathered at the seaward end of the crawl

during the previous night and to redistribute them around the pen is in itself

further evidence in keeping with these results.

Test No. 3: 10 June 1961, weather clear.

Two of the more active turtles from Test No. 2 were used. At night, the

eyes of these turtles were bandaged with gauze and adhesive tape (Fig. 4). Of

these two turtles, one was inactive both with the bandages on and after they

were removed. The other (a 55-pound male) was disoriented until he threw

off his bandages. When this happened, he headed in a straight line toward the

seaward end of the crawl. He was then rebandaged (at 2300 hours) and

returned to the center of the pen. While bandaged, he moved about in small

circles, occasionally raising his head as if to peer about (Fig. 4), although
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there was no possibility that he could see through the thick bandages and tape.

After twenty minutes (at 2320 hours), the bandages were removed and he

headed directly seaward to the wall.

Fig. 4. Juvenile green turtle with its eyes bandaged with gauze and adhesive tape.

Note the raised head, as if the turtle were trying to peer about.

Test No. 4: 11-12 February 1962, intermittent light rain, heavy overcast.

At 2000 hours, thirteen turtles were placed in a cleared area in the center

of the pen. Three of these test animals were known males, and for the rest

a random assortment of sizes was chosen. Both place in the pen and direction

of heading were recorded and the turtles were individually marked.

At 2150 there was still a light rain and an overcast sky. Four of the ex-

perimental turtles turned in arcs varying from 45 to 180 degrees. After making

these turns, three were facing seaward and one shoreward. No movement

other than this circling was noted.

The following morning, at 0500 (before sunrise), the sky was still over-

cast and a light rain was still falling. Ten of the experimental animals were

in the same place that they had been left the night before, but were facing

in various different directions from those last recorded. Circling may also

have been exhibited by two others, but this fact would not have shown up in

our method of recording if by chance a 360-degree circle had been accom-

plished. Only one turtle, number 12, moved its location, and it was found at

the seaward end of the pen, crawling back toward the shoreward area.
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At 0900 the rain had stopped, but the sky was still overcast. By this time,

number 12 was again facing the seaward end of the crawl and was apparently,

from her track in the sand, crawling toward it. One other of the experimental

turtles was about halfway to the seaward end of the crawl from the starting

point and was correctly oriented. Eight others showed no movement since

0500, and the remaining three had circled to some degree but had not changed

their location in the pen.

Although circling was demonstrated by almost all of the experimental

animals, and the initial circling tended to be toward the sea, only one animal

crawled forward. It crawled toward the sea, during the night, but at 0500 it

was crawling back shoreward.

The rain and heavy overcast skies, plus the barriers on all four sides of

the pen, had apparently reduced the stimulus value of the illumination over

the water almost to zero. To us, in spite of the adverse conditions, the light

over the seaward gate appeared a trifle brighter than in the other directions,

but it apparently was insufficient to elicit proper orientation and crawling by

the turtles. Hendrickson ( 1958: 466) also notes that “.
. . on occasional very

black nights, tracks showed that turtles had blundered into them [canoes]!’

This would also indicate that night vision in turtles is somewhat poorer than

in humans.

Experiments Providing Direct Visual Contact With the Sea

Test No. 5: 1 2 June 1961, weather clear and sunny.

At 1030 hours, a medium-sized female turtle was placed on the beach

about 50 feet from the edge of the water and in visual contact with the bay.

The turtle almost immediately made a very determined effort to crawl toward

the water. Although we repeatedly turned it around, it continued to turn and

crawl toward the sea.

Test No. 6: 15 February 1962, weather clear and sunny.

At 1030 hours, two female turtles were placed on the beach in front of

the pen some 60 feet from the water’s edge and within sight of it. Both indi-

viduals were of medium size. Both, and one in particular, made violent and

continuing efforts to crawl toward the water, in spite of being constantly turned

back by one of us. The efforts of these turtles finally subsided after about five

minutes of struggle. To us, the drive to reach the water seemed much stronger

in Tests No. 5 and 6 than it had in the earlier tests noted above that took place

within the pen.

Test No. 7: 1 4 June 196 1 ,
weather clear.

At 2200 hours, two female turtles (about 50 pounds each) were carried

onto the open beach above the high tide mark and released. Both headed

directly for the water. After being brought back and having their eyes ban-
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daged, one immediately threw its bandages and again took a direct course for

the water. The light from a flashlight was used to see if this turtle would follow

it. At first it was repelled by the light, then it appeared to be confused. Later,

a following response was sometimes elicited, but it was not a constant reaction.

After its bandages were in place, the other turtle made an orientation

circle, after which we removed the bandages. As it then showed no further

activity for thirty minutes, the test was discontinued.

Experiments Outside Enclosure But Behind Barriers

To the Sea

Description of the outside experimental area: The area chosen for this

series of experiments (Fig. 5) was selected because it provided barriers of a

different sort (sand dunes) from those of the pen. It provided also a possible

access to the sea for the turtles, and direct visual contact with the water when

the barriers were passed. In addition, it afforded a rather shallow pit that

eliminated any possibility of a positive geotaxis entering into the behavior.

The area was located about 50 feet from the water at low tide, and was level

except for the pit near the seaward end.

Test No. 8: 15 February 1962, weather clear and sunny.

At 1230 hours, one small turtle (the one that had moved considerably

in Test No. 4) was carried to the outside experimental area just described.

With its eyes unbandaged, the turtle was placed behind the barrier and was

rotated several times, being placed down finally facing in a line parallel to

the waterline. The animal immediately headed in a curving line around the

barrier and toward the water.

Test No. 9: 12 February 1962, overcast but no rain, cool.

At 1230 hours, the same turtle used in Test No. 8 was put down, with

its eyes unbandaged, facing north on a line parallel to the waterline. At 1300

hours it had turned southeast and and moved about four feet. There was much
stopping, raising of the head, and peering about. After rounding the barrier,

it turned and moved seaward about five feet in three minutes. Although the

pace was accelerated when the turtle found itself beyond the barrier, there

was still much stopping and looking about.

It appeared to us that the overcast skies probably reduced the brightness

of the water and thus reduced the stimulus value directing the turtle toward it.

Tests No. 10 and 11: 13 February 1962.

The same four turtles, 50 to 55 pounds each, were used in the two tests.

Both tests were made behind sand dune barriers in the outside experimental

area and were made to observe differences in behavior at these two times.

Much greater activity and somewhat greater accuracy in finding the water

were demonstrated at night (Test No. 11). The objective results of these tests

are summarized in Table 1

.
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Fig. 5. The outside experimental area at Bahia de Los Angeles. Upper : Looking

back toward the mounds of sand from water’s edge. Note the turtle pen in the back-

ground and its relation to the water, the large metal shed, and the mountain in the

distance. Lower. Looking toward the bay from the outside experimental area.

Experimental animals were placed down at varying distances behind the mounds.

The water level was considerably below this point.
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Table 1

Results of Tests No. 10 and 1 1 on the comparative ability of certain Green

sea turtles to find the water in day and night, 13 February 1962. Test 10 was con-

ducted at 1130 hours, with the weather clear, sunny and warm. Test 11 was con-

ducted at 2025 hours, with the weather clear and cool. “Correct” or “Incorrect”

refers to seaward heading.

Turtle Carapace Test Reaction Reaction Test Reaction Reaction

Number Length

(Inches)

No. With Eyes

Bandaged
Without

Bandages
No. With Eyes

Bandaged
Without

Bandages

1 \9Vi 10 Inactive Correct 11 Correct

2 19Vi 10 Incorrect Incorrect 11 Incorrect Correct

3 20% 10 Inactive Inactive 11 Random
Movements

Random
Movements

4 21 10 Inactive Inactive 11 Incorrect Correct

Test No. 12: 11 February 1962, heavy overcast skies, rain, sky brightest over

the bay to the southeast at start and shifting northward.

At 2200 hours a 55-pound active and unbandaged turtle was carried out

onto the outside experimental area and placed behind the barrier and in the

depression. The turtle was rotated several times in position and then released.

It headed up a slight incline, went over the crest of a ridge, and started around

the south end of the barrier in the direction of the greatest illumination over

the water and continued on in a straight line toward the sea (angling toward

it rather than turning to face it at right angles)

.

Fortuitously for us, the horizon at this time quickly began to darken and

clouds closed in over the area which had been lightest at the beginning of

the test and to which the turtle was heading. By now the only light spot on

the horizon was roughly 20 degrees north of the direction previously taken

by the turtle. Although this small area was somewhat overcast, there was still,

to our eyes, a detectable difference in illumination in this direction. Nowover

the ridge and apparently in visual contact with the water, the turtle almost

immediately took a new and direct course toward the now brightest area on

the horizon. As it continued on this course, the clouds continued to close in

and a new spot of greatest illumination resulted that was still farther north.

The turtle again changed course, though still in apparent visual contact with

the water, and made directly for the now third brightest spot. This series of

events is illustrated in figure 6.

As the turtle was then almost to the water, it was returned to the original

point of release in the experimental area. Although the overall sky had dark-

ened, there was still a point on the horizon that appeared to us conspicuously

brighter. On being released for the second time, the turtle headed toward this

spot. As the turtle approached the sand barrier, the area of greatest light inten-

sity was then directly beyond the barrier. The turtle showed some confusion

as it neared it, doubtless because its visual contact with the horizon was cut

off by the barricade. However, moving toward a low spot on the barrier, which
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to the turtle probably afforded the brightest outlook with regards high light

intensity, the turtle climbed slowly and laboriously over the barrier and slid

down the other side. Although the turtle was now correctly oriented toward

the water and in what seemed to us to be direct visual contact with it, it again

shifted course about 90 degrees to head toward the actual area of greatest

illumination. This area had now moved slightly further north than initiallly

when the turtle was behind the barrier, but in each instance the area of greatest

illumination was approached. This second series of events is also illustrated, as

figure 7.

Although in each of the above cases the areas of relatively greater illu-

mination were over the sea, they were in clearly different directions. In each

instance the turtle changed its course to choose the area of greater illumination.

Possible direct visual contact with the water at night did not alter the approach

to areas of greatest illumination.

Test No. 13: 1 1 July 1962, 2200 hours, weather clear, warm, gusty.

In defense of the use of small samples in investigating sea approach

behavior in Atlantic green turtles, Carr and Hirth (1962: 34) note that “In

evaluating the significance of a turtle guiding itself through such a complex

system, one should ask not how many turtles would have performed as these

few did, but what the probability is that such a course would have been chosen

and held by them through such a distance by pure chance!’ Weagree that it

is necessary to regard each individual’s behavior as an entity and look for the

stimulus. On one occasion, Test No. 13, we obtained a variable response

between turtles that was persistent for the individual but different when the

four turtles were considered as a group. The four turtles were placed in a 9 x 9

foot square enclosure made of heavy cloth and placed 39 feet from the water’s
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Fig. 8. Panoramic view of Bahia de Los Angeles as seen from the outside experimental area

at low tide. Note that the peninsulas and islands at the mouth of the bay or in the distance

give the appearance that the bay is landlocked. This is the view of the horizon that would be

had by our experimental turtles.

edge but in sight of it. The sides of the enclosure were 40 inches high and

eliminated visual contact by the turtles inside with the water and horizon. The

sky, however, was visible through the open top of the pen. Although the cloth

overlapped the ground, it was not fixed, and the turtles could approach the

barriers and push through. After passing through the barrier, the stimulus

situation changed as the horizon became visible, and changes in the turtles’

course could be observed.

Table 2 shows persistance in each turtle’s pursuit of the same course.

Turtle No. 1 was the only animal that corrected its course after it passed

through the barrier. This same turtle was also able to correctly orient (both

day and night) toward the sea while in the turtle storage pen discussed earlier

in this paper. This individual, when placed in the cloth enclosure in daylight,

had been disoriented, but could find the water when placed down outside the

Table 2

Results of Test No. 13 on the tenacity of cue following which did or did not

lead certain Green sea turtles to the water.

Turtle Carapace No. of No. of No. of No. of No. of TimesResult of

Number Length

(Inches)

Trials Correct 1 Incorrect

Choices in Choices in

Enclosure Enclosure

Correct

Choices

Out of

Enclosure

Taking

Same
Course

Final

Choice of

Course

1 181/2 5 3 2 5 5 Correct

2 21% 5 0 5 0 4 Incorrect

3 20 5 0 5 0 4 Incorrect

4 24% 6 5 1 l 2 6 Correct

^‘Correct” refers to successful seaward heading.

2 Left enclosure only one time.
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edge but in sight of it. The sides of the enclosure were 40 inches high and
eliminated visual contact by the turtles inside with the water and horizon. The
sky, however, was visible through the open top of the pen. Although the cloth
overlapped the ground, it was not fixed, and the turtles could approach the
barriers and push through. After passing through the barrier, the stimulus
situation changed as the horizon became visible, and changes in the turtles'
course could be observed.

Table 2 shows persistance in each turtle’s pursuit of the same course.
Turtle No. 1 was the only animal that corrected its course after it passed
through the barrier. This same turtle was also able to correctly orient (both
day and night) toward the sea while in the turtle storage pen discussed earlier
in this paper. This individual, when placed in the cloth enclosure in daylight,
had been disoriented, but could find the water when placed down outside the

Results of Test No. 13 on
lead certain Green sea turtles to

Table 2

the tenacity of i following which did or did not

Turtle Carapace No. of No. of No. of
Number Length Trials Correct 1 Incorrect

(Inches) Choices in Choices in

Enclosure Enclosure

No. of No. of TimesResult of
Correct Taking Final
Choices Same Choice of
Out of Course Course

Enclosure

1 18% 5
2 21% 5

3 20 5
4 2414 6

3 2 5

0 5 0
0 5 0
5 1 12

4 Incorrect

4 Incorrect

6 Correct

1 “Correct” refers to successful seaward heading.
2 Left enclosure only one time.
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\

\

Fig. 6. Path (dotted line) taken by the turtle in Test No. 12 on its way to the water

on its first trial (see text). Small arrows indicate direction of brightest spot on the

horizon when turtle was at that point. A indicates a low depression in the sand

barrier. X indicates the starting point.

enclosure. Turtle No. 2 may have been attracted to some distant lights, and

turtle No. 3 may have been attracted to the moon as it was in the direction

that it pursued— but these are only hypotheses. The thing that was pointed up

so clearly was the consistency with which each turtle reacted to the different

stimuli when the test was repeated, regardless of the nature of it, and whether

it did or did not eventually lead to the water.

A strong wind was blowing from varying quarters from both land and

sea throughout part of the experimental period. No wind was blowing at other

times. As the turtles did not vary in their actions or paths of crawling under

these different wind conditions, we feel that wind can be ruled out as a sig-

nificant factor in water-approach behavior.
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Fig. 7. Path (dotted line) taken by the turtle in Test No. 12 on its way to the water

on its second trial (see text). Small arrows indicate direction of brightest spot on

the horizon when turtle was at that point. A indicates a low depression in the sand

barrier. X indicates the starting point.

Possible Stimuli for Orientation Toward the Water

Auditory: Although the sound of the water in our experimental areas

was usually negligible, it was occasionally noticeable as a soft, sloshing sound.

Therefore the possibility that the sound of surf is a stimulus for water-approach

behavior in turtles must be considered.

Phonoreception in reptiles has not been the subject for intensive research,

but Bogert (1960: 145) notes that “sound perception is subordinate in im-

portance to vision or chemoreception in the activities of most reptiles!’

Caldwell (1962: 5) notes an instance of apparent conditioning to sound

cues in Chelonia mydas mydas, and in a single instance one of our bandaged

turtles gave what may have been a response to a sound stimulus when it raised

its head at the approach of people who were talking loudly. However, this

latter case may well have been only coincidence.
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It is obvious, however, that auditory cues are not a primary source for

the water-approach orientation, as complete disorientation can be produced

by temporarily blinding the subjects, either by bandaging their eyes (see Tests

No. 2, 10 and 11 above, and Carr and Ogren, 1960: 44) or by subjecting the

subjects to almost complete darkness (see Test No. 4 above)

.

Chemical: Chemical stimuli initiate much of reptilian behavior. In order

to rule out the possibility of the odor of the sea being a sufficient stimulus to

elicit approach behavior, the nostrils of three active turtles were plugged with

vasoline-soaked cotton plugs. One of the turtles showed no activity, but the

other two took a direct heading for the water.

On another occasion, an unsuccessful attempt was made to lead ten

blinded turtles by holding a pan of fresh seawater in front of their nostrils.

The blinded turtles were, as always, completely disoriented or inactive.

Geotaxis: The possibility that positive geotaxis may initiate water ap-

proach behavior in hatchlings (Parker, 1922) has been effectively ruled out

by the work of both Daniel and Smith (1947a: 399) and Carr and Ogren

( 1960). In fact, Noble and Breslau ( 1938) found a negative geotaxis in fresh-

water turtles. Our findings also show that even the larger turtles, for whom
land movement is extremely laborious, will climb up a gradient, or over sand

barriers or other turtles in following a visual stimulus. Whereas it is true that

their forward motion is accelerated on a downward slope, this can be explained

by a greater ease of motion, and it is not necessarily to invoke even a reinforc-

ing value to positive geotaxis.

Visual stimuli: Although the cues by which turtles are able to home
toward the water are usually believed to be visual, there is a question of what

aspects of the visual cues are effective. Carr and Ogren (1960: 30) have sys-

tematized the various opinions held by different authors regarding the aspects

of the stimulus situation that is effective in eliciting a response. Carr and Ogren’s

table, with our own additions and modifications, is reproduced here for ease of

presentation (Table 3). All of the experiments reported were done on hatch-

lings, with the exception of the results obtained on a few adult female Chelonia

mydas mydas by Carr and Ogren (1960), on yearlings and one nearly adult

male Atlantic green turtle by Carr and Hirth ( 1962), and on our own findings.

Although some of these opinions are similar, there are, none-the-less, some-

what distinctive aspects to most of them.

Although our work was done on juvenile and subadult Chelonia from

the Gulf of California, the results probably apply to other sizes and other

species of sea turtles.

There appears to be an internally or externally motivated drive to return

to water that manifests itself in crawling behavior. The visual stimulus neces-

sary to release the behavior is the presence of a fairly large area of relatively

brighter illumination.

The orientation circles, peering, and head raising can all be classified as

random (appetitive) behavior in search of visual stimuli.
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We can explain the frequent long periods of latency following removal

of the bandages (both at day and at night) only by invoking an active and

sometimes lingering inhibitory effect to the absence of visual stimuli.

We found no evidence of “orientation through negative response to dark

masses” as proposed by Anderson (1958: 215) for certain freshwater turtles

and by Parker (1922) for loggerhead sea turtles, Caretta caretta caretta.

Daniel and Smith ( 1947a: 399) found also that young loggerheads approached

an interrupted but brighter field in preference to a dimmer unbroken field.

At no time did our turtles show any indication of fleeing from dark objects,

but would directly approach and crawl over or between them if a relatively

brighter light source was over or between barriers. Their fixation was always

forward. However, when occasion demanded it, they were also perfectly

capable of perceiving and avoiding high barriers by crawling around them.

In discussing the nature of the visual cue, we would like to stress the fact

that the illumination is always a relative quality. Even on an extremely dark

night with heavy overcast skies, an experimental animal headed toward the

area of the greatest illumination. When this area closed in with low-hanging

clouds, the direction of crawl changed and the turtle headed toward a formerly

less well illuminated area which had by then become the relatively brightest

spot on the horizon. Although either of the two paths would have eventually

led the turtle to the water, the direction was clearly different. In both cases,

the horizon to which the turtle was heading was broken by the topography of

the experimental area (Fig. 4) and the region of Bahia de Los Angeles as a

whole (Fig. 8). Light intensities were not measured. Exact readings would

provide interesting data and are almost essential to exact definition of the

stimulus. However, out of the crawl, turtles were able to orient correctly toward

the sea both day and night and under all weather conditions. Within the crawl,

they were able to orient at twilight and at night, but on a dark rainy overcast

night within the crawl, activity was reduced to orientation circles. Under this

latter condition, we were still able to distinguish a slightly brighter horizon

over the sea.

The fact that the animals are sometimes able to orient to the water during

daylight hours in which we could detect no difference in relative brightness

between white sand versus water indicates the need for experiments with

polarized light. However, although we used no objective measures of motiva-

tion, our feeling is that there was more confusion behind barriers during day-

light hours than behind these same barriers by the same turtles at night.

The above results all apply to occasions when direct visual contact with

the water was eliminated. However, the most strongly motivated behavior was

elicited on the occasions when we placed the turtles on the beach during day-

light hours and allowed direct visual contact with the water. At these times it

was difficult to restrain their progress to the bay, as opposed to their slow,

though steady, seaward crawling on other occasions.

Reactions to artificial light, as from a flashlight or electric light, were
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variable. Sometimes there was no reaction, sometimes confusion, or some-

times an approach or following response.

One turtle which was attracted to a flashlight was also attracted away

from the water to distant lights. When the lights were extinguished, the turtle

reversed course and took a correct seaward heading.

These reactions are similar to those described for the freshwater turtle

Trionex muticus by Anderson (1958: 212) as the reactions of this species to

artificial light were also variable between individual turtles. It also agrees with

the findings of Daniel and Smith (1947a: 399) who released 50 turtles on a

beach at night and exposed them at the same time to a beam of light from a

flashlight. Half of them followed the light, and half of them went to the water.

Wehave also found such individual variation exhibited by nesting Caretta

caretta caretta in Georgia and Florida, where some turtles react positively to

a flashlight beam, others react negatively, and others do not react at all. In

addition, some of these nesting loggerheads apparently become confused by the

lights in beachfront houses and crawl toward them, away from the water, as do

some just-emerged hatchlings.

Turtle fishing by harpoon is done at Bahia de Los Angeles at night. The

fishermen are probably correct in their contention that this is because they

can see the turtles better at night with their lanterns. We have observed

captive eastern Pacific green turtles in large oceanaria throughout the night

and found that although they sleep much of the time, the turtles do have to

surface to breathe. We are unable to lead these surfaced turtles with a flash-

light beam, and the beam of the fishermen’s lanterns likewise apparently is not

an effective stimulus to cause the approach of these swimming turtles.

The variable responses to artificial light are about what could be expected.

Although the cues are photic, they differ enough from those found in nature

to cause a variable response among individuals of the same species.

Other possible stimuli: We have not ruled out the possible effectiveness

of other cues such as temperature or humidity in affecting the approach be-

havior of Chelonia to the sea. However, judging from the complete disorienta-

tion caused by the removal of all visual stimuli, the effectiveness of any other

cues, either singly or in combination, must be either extremely weak or non-

existant.

Orientation Circles

Carr and Ogren (1959: 17) have called attention to the interesting

phenomenon of a highly stereotyped orientation circle shown by hatchling

Atlantic trunkback sea turtles, Dermochelys coriacea coriacea (Linnaeus).

These are described as small, quickly executed circles, performed by hatchlings

both when leaving the nest and when experimentally released on the beach.

Parker (1922: 328) earlier noted that hatchling Caretta caretta caretta made

similar circles of 360 degrees or more.

Carr and Ogren (1960) did not note this orientation circle in hatchlings
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of Chelonia mydas mydas, but observed something similar to it in four mature

females with bandaged eyes (p. 44 and p. 47).

Wefirst noted these circles in turtles with their eyes bandaged. These were

juvenile and subadult specimens. While making these circles, the animal inter-

mittently raises its head and gives the impression of trying to “peer about!’ The

circles were made by both males and females, and are tightly executed. Usually

the turtle merely pivots on its plastron as a fixed axis. In keeping with the

other movements of these animals out of their natural habitat, the circling is

laboriously performed, interrupted by periods of extended rest, and often

preceded by periods of long latency. In one instance we noted that the circle

was reversed before completion. The circles may go either to the left or the

right. In only one instance did a turtle with bandaged eyes exhibit any straight

line crawling as lack of visual cues seems to inhibit forward motion. This

inhibitory effect frequently remains for some time. Even when bandages were

removed from a previously active turtle, it occasionally remained motionless

for prolonged periods.

The circles were also shown in another instance, again by both male and

female individuals, ranging from roughly 35 to 150 pounds (20 to 34 inches

in carapace length). This occurred on a dark, rainy night, within the confines

of the crawl, when visibility was reduced to almost zero. To our eyes, the dim

light seen over the seaward end of the crawl was somewhat, though not much,

lighter than that over the landward gates. Although the turtles’ initial orienta-

tion was generally toward the water rather than toward the mountains, ap-

parently the stimulus value of the cues was too weak to maintain behavior, and

the animals (12 of 13) simply continued to circle intermittently in the same

spot. One exceptionally active animal took a correct heading and maintained

it almost to the barrier at the seaward end of the crawl, but then reversed

direction and headed landward.

Circling behavior was not noted in circumstances where the turtles had

somewhat better visibility. Even on a dark overcast night, when removed from

the pen and placed behind a sand barrier, the turtles usually crawled directly

around or sometimes over the barrier and headed seaward.

These circles provide an extremely interesting and consistent example

of a rigidly stereotyped rather than flexible appetitive behavior, wherein the

animal deprived of vision looks for a “consummatory” visual stimulus, the

perception of which brings the behavior to a close (see Thorpe, 1961 : 92).

Increased Nocturnal Activity On Land

There was almost no daytime activity among the turtles confined within

the dry pen. On one day, turtles that were weighed at 1030 hours and left on

their bellies (plastrons) at the shoreward end of the crawl remained there

all the rest of the day, with little movement. Occasionally they would raise their

heads and give a long snort.
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Activity increased at night. In Test No. 1, of the 103 turtles placed facing

the wall at the shoreward end of the pen one evening, 20 turned and moved
to the seaward end of the pen during the night. Nearly the entire range of sizes

and both sexes was represented by the active individuals. Several others

correctly oriented toward the water, but did not crawl as crawling was almost

impossible for the ones closest to the wall. More activity would doubtless have

been displayed if they had not been impeded.

Again, six of these turtles had been confined more recently than the others,

and of these six, four moved to the seaward wall during the night.

There was much less reaction from four specimens that were disturbed

by having their eyes bandaged and carried about during the day than from

the same four animals subjected to the same treatment that night.

However, daylight crawling activity was easily precipitated by lifting and

carrying the animals onto the beach and placing them within sight of the water.

Although these observations are in accord with the fact that Chelonia

mydas does its nesting primarily at night both in the Atlantic (Carr and Giovan-

noli, 1957) and in the Pacific (Hendrickson, 1958: 465; Duellman, 1961: 58;

Peters, 1957) and the fact that the hatchlings usually emerge at night

(Hendrickson, 1958: 513; Carr and Ogren, 1960: 23), they are not in accord

with Carr and Ogren’s statement (1960: 24) that green turtles in the Carib-

bean “usually spend the night on the bottom, or among rock or coral crags’’ or

that of Parrish (1958: 354) that captive Atlantic green turtles “slept all night!’

Also, our observations, made over a 28-hour continuous period, on several cap-

tive eastern Pacific green turtles at Marineland of the Pacific, clearly show that

in the water these turtles also are diurnal. There was active swimming during

most of the day, with rest periods in which the eyes stayed open, and deep sleep

on the bottom with the eyes tightly shut during the night from dusk to dawn.

The nighttime sleep was interrupted only by short, but fairly frequent (at least

once an hour), trips to the surface to breathe. Also, of 12 yearling Atlantic

green turtles released behind barriers in the afternoon, only two showed in-

activity (Carr and Hirth, 1962: 29).

Wecan only postulate that the inverted activity cycle on land is caused

by removing the turtles from their normal habitat. The high daytime tempera-

tures on land may inhibit behavior, or the reduction in the stimulus value of

a near-uniform light situation during daylight hours may fail to provide cues

of sufficient contrast when direct visual contact with the water is eliminated.

The factors which bring about similar behavior related to the voluntary night-

time nesting emergence are not presently understood.

Summary

The stimuli eliciting the sea approach behavior in juvenile and subadult

Gulf of California green turtles, Chelonia mydas ssp., are photic. More than

one aspect of vision is involved, some of which are still undetermined.

Our experiments showed roughly four degrees of speed and amount of
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appetitive behavior in the crawling response: ( 1 ) Visual contact with the water

during daylight hours: Strongly motivated behavior, only occasional looking

up and around. No orientation circles. Response to some quality in the visual

aspect of large bodies of water (could be color, form, or polarization). (2)

Behind barriers on clear nights: brighter over the water: Some appetitive be-

havior, sometimes one or partial orientation circle; stopping regularly to peer

about; speed when crawling slow but constant; clearly a response to relative

brightness. (3) Behind barriers in daylight: Ranged from no activity (usually)

to weakly motivated crawling with much appetitive looking about; sometimes

incorrect orientation, apparently directed to some undetermined stimulus (light

polarization may be indicated). (4) All visual stimuli removed, either by

bandaging or total darkness: Appetitive behavior; orientation circles, head

raising with peering or looking about.

No other environmental stimuli were found to evoke water approach be-

havior. Wefound no evidence of a negative response to dark objects, although

a capability to avoid solid obstacles was demonstrated.

Reduced daylight activity and orientation circles were demonstrated and

are discussed.

The sea approach ability is shown to be present in both sexes at all ages,

and thus the same stimuli should be considered as possible mechanisms in

sea turtle long-range navigation.

Some turtles were found to be unsuccessful in finding the water, but were

consistent in their incorrect heading which possibly was the result of stimula-

tion by a photic cue.
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